Background: Sunscreens are one of the most widely used products among cosmetics and personal care products. Recent studies have shown that some of sunscreen formulations may contain toxic, carcinogenic, or even nonallowed chemicals that may affect skin, cells, and hormones. Materials and methods: This study aimed to develop and validate a method that allows the determination of sunscreen ingredients by gas chromatography-mass spectrometry (GC-MS). Analysis of original sunscreen products (n=5) from a licensed pharmacy and counterfeit sunscreen products (n=5) from local markets in Jordan was performed using GC-MS. pH stability of the sunscreen samples were also monitored under different storage temperatures. Topical application of sunscreens on mice skin was conducted to study their effects on liver and kidney enzymes' function. Results: In terms of pH stability, there is a significant change in pH at different degrees of temperature between the products. Diethyl phthalate (DEP) was detected in two counterfeit products and was not mentioned on the ingredients' label. DEP was reported for its percutaneous absorption and systemic uptake in the literature. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were significantly increased with a P<0.005 in some groups treated with original sunscreens under sun radiation. Creatinine showed a significant decrease in some groups treated with original and counterfeit sunscreens, while blood urea nitrogen (BUN) showed no differences. Conclusion: This study presents a method that allows the scanning and profiling of sunscreen ingredients as well as investigates their stability, permeation, and toxicity. Profiling of sunscreen product, changing in pH stability, and analyzing kidney and liver enzymes' level would be of a great impact on products' safety and consumers' health.
Introduction
Sunscreen products could be defined as "any cosmetic product containing ultraviolet (UV) filters in its formulation in order to protect the skin from the solar deleterious UV light, avoiding and minimizing the damage that this radiation might cause on human health". 1 To provide protection against these harmful effects, sunscreens are becoming widely spread and available for daily use.
Based on animal studies, sunscreen products help in preventing changes in dermis layer such as collagen degradation and solar elastosis, 2 while, in human studies, sunscreens have been shown to reduce the severity of solar elastosis and the occurrence of squamous cell carcinoma, actinic cell carcinoma, and basal cell carcinoma. [3] [4] [5] [6] Protection 12 al-eitan et al quality of sunscreen is evolved by a formulation of chemical and physical filters. Chemical filters are also known as organic blockers, such as salicylates, para-aminobenzoic acid (PABA) derivatives, benzophenones, and dibenzoylmethanes. These filters act by absorbing the UV radiation (UVR) and transforming it into heat energy. 7 This explains the feeling of warmth after applying the sunscreen and being exposed to sunlight. 8 The other types of filters are physical or known as inorganic blockers, which act by scattering and reflecting UVR. 9, 10 These physical filters include metal oxides (titanium dioxide [TiO 2 ], zinc oxide [ZnO] , and iron oxide), kaolin, and ichthammol. 11 In addition to the protective function of sunscreens, there are important observations from previous studies on the possible side effects of UV filters in sunscreen formulation. 12 Most commonly used chemical filters in sunscreen are homosalate, octisalate, avobenzone, octocrylene, octinoxate, and oxybenzone. Several studies indicate that these chemical filters mimic hormones and disrupt testosterone, estrogen, and thyroid pathways. 13, 14 In addition, they can penetrate skin causing allergy. 15 Physical filters, such as TiO 2 and ZnO, stimulate oxidative damage in vitro and in cultured human fibroblasts. 16 In contrast, several studies revealed that some of the sunscreen chemicals are inoffensive unless they are excited by sunlight. Such chemicals are padimate O inducing DNA damage and mutations, padimate esters, which induced tumor formation in hairless mice, and TiO 2 that produced ROS and free radicals. [17] [18] [19] Toxic effects of sunscreen products could be maintained and studied. Toxicology defined as "the study of the adverse effects of chemicals or physical agents on living organisms". 20 These adverse effects can be ranging from immediate death to unrealizable changes until months or years later. They may occur at different levels within the body, such as a specific organ, a group of cells, and a certain type of biochemicals. 21 This varies depending mainly on the dosage and route of exposure. There are different routes of exposure, either to a single chemical or to a combination of different chemicals; these routes include oral, inhalation, dermal, and parenteral. In terms of dermal exposure, toxicity can occur due to occupational agents, some water pollutants, or cosmetics. 21 In our study, toxicity of sunscreen products at biochemical level was examined by analyzing some of the kidney and liver enzymes' function. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) enzymes are found throughout the body cells but mostly abundant in liver cells. They function to monitor liver disease or damage. Their elevation in blood is a useful indication for liver injury. 22, 23 Creatinine and blood urea nitrogen (BUN) are used along with each other to evaluate kidney function and diagnose kidney disease. 24 Screening of sunscreen ingredients was conducted to evaluate the differences in sunscreen formulations from Jordanian pharmacies and local markets by scanning and profiling a group of original (ie, validated and verified products with internationally recognized brand names) and counterfeit sunscreen products (ie, fake and unauthorized replicate of the original ones). Various techniques have been developed and used for the detection and identification of sunscreen ingredients. Most of the used were chromatographic techniques such as gas chromatography (GC) coupled with mass spectrometry (MS).
In this study, we aimed to determine the safety of counterfeit products (CPs) obtained from local markets in Jordan by evaluating their stability, integrity, and toxicity through GC-MS profiling and enzymes' function analysis.
Materials and methods sunscreen samples
Ten samples of sunscreen products were used in this study. Five of them were original products (OPs) supplied from a licensed Jordanian pharmacy, while the other five products were CPs obtained from local Jordanian market.
gC-Ms sample preparation
For GC-MS analysis, samples first must be extracted in order to get a homogenized solution of each sunscreen product. A total of 0.5 g (500 mg) of the sunscreen was mixed with 5 mL of methanol in a 10 mL screw tube, vortexed for around 30 seconds, and then sonicated for 20 minutes. After that, samples were centrifuged at 5,000 rpm for 15 minutes. A 1.5 mL vials were filled with homogenized solution. Injection was made in splitless mode with 1 µL of samples injected into the GC instrument.
ph measurement
Sunscreen samples were stored at different temperature degrees represented in Figure 1 . At each measurement time, 1 g of each sample was homogenized in 10 mL of distilled water. PH meter was calibrated with the calibration solution at pH 7 and pH 4 before reading. Measurements were taken at different periods of time started at 0 hours of storage and, then, taken after 12 hours, 24 hours, 48 hours, 72 hours, 7 days, 14 days, and 21 days, and the final readings were taken after 28 days of storage. Two hundred bulb/C mice of both sexes were used in this study. They were provided by the Animal House Unite at the Jordan University of Sciences and Technology, Irbid, Jordan, in compliance with Animal Care and Use Committee (ACUC) approval, which follows the international animal care and use guidelines (Guide for the Care and Use of Laboratory Animals). 25 Mice were maintained at the room temperature of 21±1°C. Food and tap water of around 5 g and 6 mL, respectively, of daily consumption were offered to them, and they were monitored for 2 weeks as adaptation period. Mice were divided into control and treated groups. Control groups contained 40 mice treated with normal saline on their skin. After that, 20 of them were exposed to sun radiation while the other 20 were kept under shade. For the treated groups, each single group was consisted of eight mice. We had 160 mice treated either with counterfeit sunscreen products or with original sunscreen products on their skin daily for 90 days as a long-term treatment by the application of 0.5 mL of each sunscreen. A total of 80 of them were being exposed to sun radiation, while the other 80 mice were kept under shade. After applying the sunscreen, mice were kept for 20 minutes before exposed to sun radiation according to the instructions of use. Time of exposure was gradually increased, starting with 10 minutes and end up with 2 hours. Exposure period was between 11:00 am and 1:00 pm during summer time. When the exposure period ended, mice were returned back to their room and sunscreen was removed off with a wet piece of cotton. Without removing sunscreen, a thick greasy layer formed on the treated skin. Mice were observed and checked daily for any changes through the entire experiment.
Blood collection
After euthanasia, blood samples were collected in plain tubes and then centrifuged at 1,300 rpm for 7 minutes to obtain serum for biochemical analysis.
Biochemical tests
Serum was analyzed by spectrophotometer for ALT (International Federation of Clinical Chemistry method), 26 AST (International Federation of Clinical Chemistry method), 27 creatinine (kinetic method), and BUN (colorimetric method) using commercially available kits and reagents according to the manufactures' recommendations.
statistical analysis
Data were subjected to analyses using SPSS Version 19.0 statistics program with P<0.05 considered to be statistically significant, and they were expressed as mean ± SD.
Results

ph stability
Monitoring the pH value of sunscreen products is crucial for determining their stability. This is due to a fact that pH changes indicate the occurrence of chemical reactions and changes in some ingredients. 28 As mentioned earlier, the pH range of human skin is 4.5-6, which is slightly acidic. 29, 30 Products tested in this study had a pH range from 5.4 to 8.01 at different storage temperatures, which exceed the normal pH range of skin. OP1 is the only product that has a pH value within the normal pH range of skin, while CP2 has the highest pH range that was close to the basic pH. Statistical analysis showed no significant difference within product in the same storage temperature at different measurement times (Table 1 ). On the other hand, there is a significant difference within the same product in different storage temperatures at the same time or at different times of measurement. Between samples, no changes observed when measurements taken at different storage conditions either at the same time or at different times. These data were applicable for both the OPs and CPs (Table 2 ).
Qualitative analysis of sunscreen ingredients
The original and counterfeit sunscreen samples were prepared as mentioned earlier followed by GC-MS analysis. Each ingredient was represented by a chromatogram peak, which identified by a number (Figures 2 and 3 and Table S5 ). Some peaks are large and repeated; these peaks usually represent a single ingredient available either in a high concentration or in a large size as what seen in peak number 15 and the other three peaks labeled with red in OP1 spectrum in Figure 2A . Sunscreens' ingredients list are provided in Table S1 according to the ingredients' label of each product with UV filters used in these products listed separately in Table S2 based on European Commission (Annex VI) database. Frequency of the GC-MS analyzed ingredients and their distribution between sunscreen products are shown in Table S3 . Profiled ingredients that were not written on the ingredients' label of each product are listed in Table S4 . Profiling was done for each obtained chemical by collecting their International Nomenclature of Cosmetic Ingredients (INCI) names, average retention time (RT), Chemical Abstracts Service (CAS) Registry Number, empirical formula, average molecular weight, synonymous, and chemical structure in Table S5 . The uses of these analyzed ingredients were adopted from the Cosmetic Ingredient Database, while the hazard score was adopted from the Environmental Working Group Cosmetic Database (Table S6 ). The hazard score key was ranged from 1 to 10 and classified into the following three groups:
(1-2) group indicates a low hazard, (3-6) group indicates a moderate hazard, and (7-10) group indicates a high hazard.
Biochemical markers
ALT, AST, BUN, and creatinine levels were determined in all serum samples drawn from mice treated with original and counterfeit sunscreen products. Mice exposed to sun radiation daily for 90 days showed significant increase (P<0.05) in ALT level in OP3, OP4, and OP5 and AST level in OP5. In addition, creatinine was significantly decreased in OP4, CP1, CP3, and CP5, while no changes were found in BUN level (Table 3) . Treated mice that kept in shade for 90 days have shown significant decrease in creatinine level in OP1, OP4, OP5, and CP2. Moreover, mice treated with OP1 showed a significant increase in ALT level. AST was also significantly increased in mice treated with OP4, CP1, and CP5, while the mice treated with OP2 and CP5 showed an increase in BUN (Table 4) . Liver-to-body weight ratio was also calculated after euthanasia and showed no significant changes in all groups (data not shown).
Discussion
Sunscreens are one of the most commonly used pharmaceutical/cosmetic products. Their use has increased recently due to the awareness of the deleterious effects during exposure to sun radiation, such as erythema, pigmentation, skin aging, skin cancers, and immunosuppression. 31 Therefore, 
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sunscreens analysis and their effects on liver and kidney function protecting skin from the harmful UVR is highly recommended by cancer prevention organizations and health professionals. pH stability is one of the most important properties of sunscreen products. As pH is a measure of the hydrogen ion concentration, any change in the solution's temperature will be reflected by a subsequent change in pH. 32 This study shows that pH was not stable when measurements Table s3 . Abbreviation: gC-Ms, gas chromatography-mass spectrometry. were taken at different storage temperature. Many factors could influence skin pH including both endogenous and exogenous elements. Cosmetic products are one of the exogenous factors that could affect the acid surface (acid mantel) of the skin. 33 Barrier homeostasis, stratum corneum (SC) integrity, desquamation, cohesion, and antimicrobial defense are largely influenced by skin pH. 33 Increased skin pH may influence the activity of the enzymatic process in the SC leading to abnormality in permeability homeostasis, cohesion, and integrity of SC. 33 A disturbed SC skin pH becomes clinically significant in several clinical situations such as in ichthyosis, acne and diaper, and atopic and irritant contact dermatitis. In addition, changes in skin pH are of clinical impact because of the creation of favorable growth environment for the bacteria, especially Staphylococcus aureus. 34 Since the pH of skin is constant throughout the adulthood until the age of 70 years, 35 the pH of sunscreens Table s3 . Abbreviation: gC-Ms, gas chromatography-mass spectrometry. 
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sunscreens analysis and their effects on liver and kidney function that use in direct contact with skin should be stable to avoid any significant impacts on the skin. Skin care products, especially sunscreens, are subjected to many toxicity studies investigating their safety and risk assessment. US Food and Drug Administration (FDA), European Committee (EC), Cosmetic Ingredient Review (CIR), and many other organizations have a leading role in controlling cosmetics and personal care products. Several studies have investigated the toxicity and safety of UV filters used in sunscreen formulations by different methods and models. The current study used 10 sunscreen products available in the Jordanian pharmacies and local markets. The analytical method used here was able to determine and qualify different sunscreen ingredients. Application of GC coupled with MS technique ensures a high level of specificity with no requirement of additional confirmatory techniques. Chemicals' profile obtained by GC-MS was compared with the ingredients' label of each product; two CPs have no ingredient label at all, and this raised a question about the role of Jordanian Standards and Metrology Organization in controlling such products in the Jordanian markets.
In this study, some chemicals obtained from the GC-MS analysis were not mentioned on the ingredients' label of the products. A group of these chemicals are used as fragrances such as butylphenyl methylpropional (lilial) that must be used under high restrictions according to the International Fragrance Association (IFRA) due to its potential sensitization. 36 Butylphenyl methylpropional was found only in three CPs including CP1, CP2, and CP3. Penetration of fragrance compounds through human epidermis was reported by Jimbo 37 through examination of 18 fragrance materials including six phenolic compounds, four benzyl compounds, two salicylate compounds, and six cinnamic compounds. A total of 0.2 mL of each sample was applied to epidermis tis- 
Of the 18 tested samples, penetration of benzyl alcohol into human epidermis was significantly rapid (P<0.01), followed by eugenol, dihydro eugenol, and benzyl acetate. 37 According to the EC regulation on cosmetic products, the presence of substances, such as benzyl alcohol and eugenol, is restricted and must be indicated in the list of ingredients when their concentration exceeds 0.001% in leave-on products and 0.01% in rinse-off products. 38 In vitro study on the oestrogenic activity of three cosmetic ingredients used around human breast including butylphenyl methylpropional was conducted using MCF7 human breast cancer cell line as an estrogen responsive. They reported that these three cosmetic ingredients possess an oestrogenic response in a human breast cancer cell line in culture. 39 Another group of these chemicals is used as a plasticizer such as dibutyl phthalate (DBP), which is also not mentioned on the ingredients' label of CP3 and CP5. In vivo study on human skin showed the evidence of percutaneous absorption of DBP estimated by 68 mg/1 hour after treating the whole skin surface (1.8 m 2 ) with a saturated solution. 40 Another study on the systemic uptake of DBP detected its presence in the serum after a whole body topical application in healthy male volunteers. After examination, there was no influence observed on the levels of thyroid and reproductive hormones after systemic absorption of DBP. 41 Propylparaben (PB), an antimicrobial preservative, is another ingredient obtained from GC analysis . In vitro study using human skin exhibited percutaneous absorption of six parabens commonly used in cosmetics formulations. They found that percutaneous absorption of parabens dissolved in an aqueous vehicle was increased in the SC with increasing lipophilicity of the formula and decreasing solubility in the vehicle. 42 A whole body dermal application of 2 mg cream/cm 2 containing 2% (w/w) of diethyl phthalate (DEP), DBP and butyl paraben (BP) was detected in serum within 1 hour, showing a rapid skin penetration and systemic uptake in humans. 41 These studies have shown evidence on the side effects of these ingredients. Percutaneous absorption and systemic uptake of such chemicals with prolonged term of use could eventually reach some vital organs, such as kidney and liver causing organ toxicity or injury. In this work, some UV filters obtained from the GC analysis are widely used in sunscreens such as octinoxate (octyl methoxy cinnamate [OMC]), which found in OP2, OP3, and OP5. A study on 82 outpatients with clinical diagnosis of photoallergic contact dermatitis attended a dermatology clinic in Colombia to identify the photoallergen agents. OMC was the second photoallergen causative in eight of the 82 cases showing positive photopatch in response to OMC. 43 Various in vitro and in vivo studies conducted in rodents reported the estrogenic activity of UV filters especially OMC. 13, 44 Rodents generally show higher permeation rates compared to human skin. However, they are most commonly practical models used in permeation and regulatory toxicity studies due to their structural similarities to human skin. 45 A pharmacodynamic study in adult ovariectomized rats with five dosages of OMC was conducted to quantify its estrogenic properties. As a result, OMC considered as endocrine active chemical (EAC) with a recommendation to reduce its use in cosmetic and personal care products. 44 Detection of OMC in the plasma and urine of healthy human volunteers assigned to daily whole body topical application of sunscreen indicating its ability of skin penetration and systemic uptake in humans. 46 A study on healthy male and female volunteers exposed daily to whole body topical application of sunscreen formula containing three UV filters (oxybenzone , OMC, and 4-methylbenzylidene camphor [4-MBC]) for 4 days. These three UV filters were detected in the plasma and urine after 1-2 hours of first application. 47 On the other hand, Scientific Committee for Cosmetic Products and NonFood Products (SCCNFP) concluded that UV filters used in sunscreen products in the European markets have no estrogenic effects that could potentially affect human health. 48 Therefore, they permit the use of UV filters in sunscreen products regardless the reported side effects on some of these filters. Systemic absorption and penetration studies of topical application of many care products ingredients into human skin were reported. [49] [50] [51] [52] Thus, these ingredients could eventually circulate into the blood stream reaching some vital organs, such as liver and kidney. Several biomarkers can be tested to reveal liver and kidney injuries or damage. In the current study, analysis of AST, ALT, BUN, and creatinine was performed. Increased level of ALT and AST enzymes is usually a sign of liver damage or injury where they are abundant in the liver. Biochemical testing showed that creatinine is significantly decreased when compared to the control group in mice treated under shade with OP1, OP4, and OP5 and CP2. These obtained data proposed possible hyperfiltration of the kidneys or as indicative of systemic or localized problem of defective muscle metabolism. For ALT, it was significantly increased when compared with the control group in mice treated with OP3, OP4, and OP5 and exposed to sun radiation. Butyl methoxydibenzoylmethane (BMBM) and octocrylene UV filters are shared ingredients between these three products that found to be absorbed through the skin. 36, 53, 54 An ex vivo study of five UV filter solutions including BMBM across baby mouse skin indicated that at 4. 
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sunscreens analysis and their effects on liver and kidney function cm 2 coverage of BMBM, 0.80±0.28% of the applied BMBM penetrate through the epidermis and dermis after 24 hours of application. Transepidermal penetration of BMBM through human epidermis was obvious in all five volunteers after 3 hours application of 2 mg of BMBM, which agree with the mouse skin penetration results. 53 Decamethylcyclopentasiloxane (D5) is another ingredient found only in these three products. The physical properties of D5, such as volatility, hydrophobicity, and low surface tension, make it attractive for use in various skin care products as volatile nongreasy carriers compatible with a wide range of different ingredients. Therefore, under normal conditions of use, the potential routes of human exposure to D5 are inhalation and dermal contact. 55 Pharmacokinetic modeling of dermal absorption in human volunteers indicated that 0.05% of applied D5 was absorbed into systemic circulation in both men and women. 56 Consistent with this result, around 90% of D5 were volatilized from the skin surface before being absorbed when applied to human skin in vitro and rat skin in vivo. 55 Absorption and accumulation of these ingredients could injure the liver and results in the release of ALT into the blood stream, which could explain the elevated level of ALT in some of the treated mice. UV filters should possess a high substantivity with the least transdermal penetration to the systemic circulation. According to several studies, some UV filters could be absorbed into the body through topical application. 57, 58 Despite that some studies have raised concerns about the safety of sunscreen products, there is insufficient evidence to confirm that sunscreen ingredients have toxic effects on tissues. A better understanding of skin absorption, influence of formulation vehicles, distribution of clinically relevant doses, and toxicity studies in tissues is requiring for sunscreens' risk assessment.
Conclusion
Current study showed that counterfeit sunscreens' ingredients were differed from the original ones based on the GC-MS analysis. This study also revealed that some ingredients could influence the levels of kidney and liver enzymes. A change in pH stability of the products at different storage temperatures could be of a clinical impact on skin health and integrity. Improved studies and standardized methods must be developed into suitable protocols to help manufacturers in providing safer and more photostable products. In addition, in vivo and in vitro studies conducting on a group of sunscreens consumers here in Jordan with awareness raising of the choosing and using of sunscreen products will be beneficial to the society.
